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1. Introduction
We have proposed enhanced CQI reporting in several past meetings. In the TR [1], a combined scheme of several proposals is currently described. In the last meeting, it was discussed that for the enhanced CQI procedures different timings are possible and that this could cause additional complexity [2]. We prepared this contribution to clarify the reporting operation in case of combined scheme and show that it doesn’t increase the complexity much. During the discussion, we also consider the repetition case. Furthermore, we show our assumption about a priority between periodic reporting and enhanced reporting in case that their timings overlap.

2. Discussion on the operation of enhanced CQI reporting
Firstly, we show the CQI operation timing we assume to make it easy to understand the discussion later. Figure 1 and 2 show the timing for the On-demand and NACK-based reporting, respectively. A short explanation is also shown below.

On-demand reporting

We assume that the channel condition measurement is always done in the UE regardless of CQI request using HS-SCCH part1. Therefore, the CQI value is transmitted as soon as CQI request is detected.

NACK-based reporting

The CQI value is transmitted in the same sub-frame next to the NACK signalling corresponding to the HS-DSCH error. (The UE may have to start the CQI measurement before the HS-DSCH decoding is complete, but the result of the measurement is not transmitted unless a NACK is transmitted.)
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Figure 1: The CQI report timing for On-demand reporting
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Figure 2: The CQI report timing for NACK-based reporting

Next, we discuss the reporting operation in case of combined scheme. Both no repetition and repetition case are shown.

(1) No repetition case

When there is no repetition (i.e. N_cqi_transmit = 1), there is no issue with overlapping CQI reports. If multiple stimuli trigger a CQI report in the same sub-frame, the behaviour is just the same as if only one stimulus had triggered the CQI report. A more detailed analysis confirming this conclusion is given in Annex A. In summary, in the no repetition case, there is no additional complexity from using both On-demand and NACK-based reporting concurrently.
(2) Repetition case

Figure 3 shows the example case that the repetition factor is two (i.e. N_cqi_transmit = 2) and the On-demand CQI report timing is one sub-frame prior to the NACK-based one. 



Figure 3: Combined CQI reporting in repetition case
When the On-demand is detected, the generation and reporting of the CQI value is activated. Further, if the HS-DSCH error is detected and the corresponding CQI report timing partially overlaps to the On-demand one, the generation and reporting of the CQI value due to NACK-based is not activated. If the CQI report timing between On-demand and NACK-based is reverse of the case above, the generation and reporting of the CQI value due to On-demand is not activated.

In summary, in case that both On-demand CQI report timings and NACK-based ones partially overlap, the later one is not activated. The UE has only to estimate the successive CQI report timing corresponding to On-demand and HS-DSCH error, and judge if they overlap or not. These operations don’t increase the complexity.
3. Discussion on the operation between periodic reporting and enhanced reporting
Here, we show our assumption about a priority between periodic reporting and enhanced reporting.

(1) No repetition case

If the On-demand or NACK-based CQI report timing is different from the periodic reporting, the generation and reporting of the CQI value due to enhanced scheme is activated as normal. Otherwise, there is no difference between a CQI report triggered by periodic reporting and an On-demand or NACK-based CQI report. It means only one reporting is done.

(2) Repetition case

Periodic reporting has always a priority to send. Therefore, if the successive On-demand or NACK-based CQI timing overlaps to periodic reporting, the generation and reporting of the CQI values due to On-demand or NACK-based are not activated. Because the timing of periodic reporting is fixed, the judgement of overlap is easy. The timing relation between periodic reporting and NACK-based reporting is shown below. For On-demand reporting, we can see NACK-based reporting as On-demand one in the figures.
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Figure 4: Periodic report timing is prior to NACK-based reporting
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Figure 5: NACK-based report timing is prior to periodic reporting
4. Conclusion
We showed the timing of CQI reporting for On-demand and NACK-based operation. We also clarified the behaviour in the case of repetition, and showed that the enhanced scheme does not increase the complexity much. Also, we showed our assumption that in the event of an overlap between periodic reporting and enhanced reporting, the periodic reporting always takes priority.

The text proposal is prepared below.
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----- Beginning of Text Proposal -----

6.1.1.2 Evaluation and Benefits
(Some paragraphs are omitted)

As stated already above the expected benefits of variable and averaged CQI reporting are improved system performance, a reduced number of retransmissions, improved MCS selection, scheduling and a reduction in UL signalling. However some additional operations compared to Release 5 have to be introduced:
UE side

· The UE transmits CQI reporting not only periodically, but also whenever it receives HS-PDSCH (activity-based), or whenever it receives HS-PDSCH in error (NACK-based) and whenever it receives a fast layer 1 signalling message (ODM).

· In case of using repetition, if the report timings of NACK-based and ODM partially overlap the UE executes only the report which starts first.

· In case of using repetition, if the report timings of periodic scheme and enhanced scheme partially overlap the UE executes only periodic reporting.

· The UE will need to compute an average of CQI values, possibly derived from a stored sequence of values.
Node B side

· In addition to the Release 5 periodic scheme, the Node B receives a CQI field in HS-DPCCH at the same sub-frame as ACK/NACK or NACK and decodes this field always (activity-based) or whenever it detects a NACK (NACK-based).

· In addition to the Release 5 periodic scheme, the Node B receives and decodes the CQI information which is initiated by fast layer 1 requests. Furthermore some additional complexity needs to be added to the scheduler (vendor specific) e.g. a reference implementation may request an additional CQI value using fast signalling on the HS-SCCH only if the last CQI is older than some 10 TTIs and if the waiting data corresponds to more than 6 TTIs according to the current CQI.
· In case of using repetition, the Node B can easily determine when to expect a CQI report by considering whether CQI reports due to periodic, NACK-based and ODM scheme overlap or not.

6.1.1.3 Impacts on other WGs

Basically, it doesn't impact on any other WGs to introduce enhanced CQI reporting. However, if we need the switch to turn these functions on/off, NBAP and RRC signalling may be needed like signalling of feedback cycle k.

----- End of Text Proposal -----

Annex A – Operation of enhanced CQI reporting when there is no repetition

Figure A1 to A3 show several cases (a) to (c) where the CQI report timing due to On-demand and NACK-based are same or next to each other.

(a) Both CQI report timings are in same sub-frame
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Figure A1: Both CQI report timings are in same sub-frame
The On-demand may be detected earlier. In such a case, the generation and reporting of the CQI value is activated. Further, if the HS-DSCH error is detected later and the corresponding CQI report timing is same as the On-demand one, the NACK-based CQI report does not need to be activated. On the contrary, if the On-demand is detected later than HS-DSCH error and the corresponding CQI report timing is same as the NACK-based one, the On-demand CQI report doesn’t need to be activated.

As another view, it can be mentioned that even if both triggers are operated independently, it results in only one CQI reporting.

(b) On-demand CQI report timing is prior to the NACK-based
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Figure A2: On-demand CQI report timing is one sub-frame prior to the NACK-based one
The On-demand may be detected earlier. In such a case, the generation and reporting of the CQI value is activated. Further, if the HS-DSCH error is detected and the corresponding CQI report timing is different from the On-demand one, the generation and reporting of the CQI value due to NACK-based is also activated.

(C) NACK-based CQI report timing is prior to the On-demand
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Figure A3: NACK-based CQI report timing is one sub-frame prior to the On-demand one
When the HS-DSCH error is detected, the generation and reporting of the CQI value is activated. Further, if the On-demand is detected and the corresponding CQI report timing is different from the NACK-based one, the generation and reporting of the CQI value due to On-demand is also activated.

From the discussion above, in the no repetition case, there is no additional complexity from using both on-demand and NACK-based reporting concurrently.
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